Background: Since schizophrenia is considered one of the top ten causes of disease-related disability in the world, the development of second-generation (atypical) antipsychotics (SGAs) has increased the hopes of psychiatrists. SGAs, however, cannot be considered a unique pharmacological class since each SGA has many complex pharmacologic actions, only some of which are shared with other SGAs. Even though manyantipsychotics have similar efficacy on average, prescribers may be able to achieve better than average results by considering differences in selecting a specific drug for a specific patient. Clinicians know that each patient is unique. In order to achieve best outcomes for the individual patient, the better therapy is the therapy tailored for the single patient. Objectives: With this article, we provide information on a relatively new antipsychotic ziprasidone released in 2001 by Pfizer for the treatment of schizophrenia. Compared with other first line atypical antipsychotics ziprasidone has a unique profile due to potent interaction with serotonergic receptors and lesser action upon α1 adrenergic, H1 and M1 antagonist activities. This paper describes the development of ziprasidone, its unique properties and its metabolically-friendly profile including its receptor binding affinities, pharmacokinetics, CNS activity results of clinical efficacy and relevant clinical trials. Safety, efficacy and patient preference are also examined. The available literature on ziprasidone of the last five years is reviewed.
Introduction
Schizophrenia is a highly complex disorder characterized by positive symptoms (hallucinations, delusions, speech disturbance) and negative symptoms (social withdrawal, apathy, loss of emotional response) accompanied by marked impairments in social and cognitive function. The degree of suffering and disability is considerable with 80%-90% not working and in the 15-44 year old group, schizophrenia is considered one of the top ten causes of disease-related disability in the world. [1] [2] [3] The introduction of the atypical antipsychotics (also called second generation antipsychotics or SGAs) has changed the way we treat patients with schizophrenia. Despite a resurgence of interest in classical first generation antipsychotics due to their lower cost and comparable efficacy, atypical antipsychotics are now the preferred first-line treatments for schizophrenia by most clinicians, owing to their ability to manage effectively the positive and negative symptoms of schizophrenia with minimized EPS (extrapyramidal symptoms) and reduced risk of tardive dyskinesia. However, even as use of second generation atypical agents increases, many psychiatrists still ponder the distinctions among the various atypical agents asking if these drugs are interchangeable and how differently they target the various symptoms associated with schizophrenia. In the absence of a critical mass of comparative data, the most relevant hypotheses for providing answers to these questions may be found through consideration of the psychopharmacologic binding properties as well as clinical trials results of individual atypical antipsychotic agents. Here we review these features of the atypical second generation antipsychotic ziprasidone.
Ziprasidone hydrochloride, a newer "atypical" or "second-generation" antipsychotic with many noteworthy receptor binding properties that contribute to its unique clinical profile, was approved by the US Food and Drug Administration (FDA) in 2001. 4 It was first approved for the treatment of schizophrenia, and subsequently for acute mania or mixed states and then as adjunctive maintenance treatment of bipolar disorder when added to lithium or valproate-treated patients. Finally an intramuscular preparation was approved for acute agitation in schizophrenia as well. 5 
Mechanism of Action
Ziprasidone is an atypical antipsychotic possessing a multireceptor-binding profile unique from that of any other antipsychotic agent in its class; the receptor-binding profile of ziprasidone may explain its performance in clinical studies and psychiatric practice. Ziprasidone, similar to most other SGAs, is a full antagonist of D2 dopamine receptors as well as 5HT2A (serotonin, 5HT, 5-hydroxytryptamine) receptors. All 5-HT2A/D2 antagonists share the same clinically ambitious goals: to quiet hyperactive dopamine neurons that mediate psychosis in the mesolimbic pathway, and to preserve physiologic function in dopamine neurons that regulate extrapyramidal movement and prolactin secretion respectively in the nigrostriatal and tuberoinfundibular pathway.
Ziprasidone has one of the highest 5-HT2A/D2 receptor affinity ratios and this has been correlated with a lower propensity for EPS and may also signify activity against the negative symptoms of schizophrenia and explain its proven antipsychotic effects and its possible antidepressant/anxiolytic effects. That said, SGAs are also a heterogeneous group of agents and beyond 5HT2A/D2 antagonism, ziprasidone acts at multiple serotonin receptors (not just 5-HT2A but also 5-HT1A partial agonism, 5-HT2C and 5-HT1D antagonism), has a unique blockade of monoamine transporters (5HT reuptake and NE reuptake) and lacks potent alpha1, muscarinic cholinergic M1 and histamine H1 antagonism. (see Table 1 ). Potent 5HT1A partial agonist and 5HT2C antagonist actions may predict not only potential cognitive and affective actions of ziprasidone but also potential antidepressant and anxiolytic properties, due to the theoretical increases in dopamine and norepinephrine in prefrontal cortex. However, these properties have not been proven in controlled clinical trials. The 5HT2C antagonist actions of ziprasidone may also explain its activating actions when given in subtherapeutic doses. Ziprasidone's affinity for the 5-HT2C receptor is 10 times more potent than its affinity for the D2 receptor. Thus, low doses (eg, 40 mg/day) block 5-HT2C receptors but have little D2 receptor antagonism. On average, sufficient antagonism of D2 receptors for antipsychotic efficacy does not occur with ziprasidone until the dose reaches 120-160 mg/day. The differences in relative engagement of serotonin and dopamine receptors at different doses may explain why early "activation" with ziprasidone is associated with lower doses (because blockade of 5-HT2C receptors can cause the release of dopamine in the brain) and then abates at higher doses (eg, 120 mg/day) when that effect is mitigated by D2 receptor antagonism. For this reason, ziprasidone's activating actions may actually be diminished by increasing its dose, possibly due to recruiting substantial D2 antagonism. [5] [6] [7] [8] As far as adverse effects are concerned, the low H1 receptor antagonism of ziprasidone predicts generally low amounts of sedation; low affinity for alpha 1-adrenoreceptors suggests that ziprasidone is less likely to induce orthostatic hypotension and sedation; no significant affinity for muscarinic cholinergic receptors predicts a low propensity for anticholinergic side effects such as dry mouth, blurred vision, constipation, tachycardia and cognitive dysfunction. 9 The mechanism whereby some atypical antipsychotics mediate weight gain and dyslipidemia is unknown, but ziprasidone is among the agents (also including aripiprazole and lurasidone) least likely to have these side effects and has the reputation for being a more "metabolically friendly" drug.
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Pharmacokinetic Profile, Metabolism and Dosing
Ziprasidone exhibits linear and predictable pharmacokinetics and has low potential for drug interactions; it is extensively metabolized after oral administration with only a small amount excreted unchanged in the urine (,1%) or feces (,4%), is highly protein bound (.99%) and its half life is about 6-7 hours reaching the steady-state plasma levels within 1-3 days. Age, gender, clinically significant cirrhosis (Child-Pugh A or B) and mild-to-moderate renal impairment have been shown to have no effects on the pharmacokinetic profile of ziprasidone.
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Ziprasidone's oral bioavailability is 60% if taken without food: a meal equal to or greater than 500 kcal, irrespective of fat content, (eg, turkey sandwich and a piece of fruit) is required for optimal and reproducible bioavailability (100%) of the administered dose. 12, 13 The reason for this does not appear to be the fat content of the meal, but the bulk of the food, since keeping ziprasidone in the stomach for a longer period of time is what appears to be important as there is less absorption lower in the gastrointestinal tract. This factor of requiring food for optimal absorption is a major issue in attaining a consistent clinical effect, since the amount of drug absorbed drops significantly if a patient stabilized on dosing with food then takes a dose without food.
Ziprasidone is metabolized by 2 major pathways: aldehyde oxidase and cytochrome P450 enzymes. About two thirds of ziprasidone metabolism is mediated by aldehyde oxidase, which has no known clinically relevant inhibitors or inducers. Approximately one third of ziprasidone's metabolism is mediated via CYP450-catalyzed oxidation through CYP3A4. Neither CYP450 3A4 nor CYP450 2D6 inhibitors significantly affect ziprasidone plasma levels. Moreover, there is little potential to affect metabolism of drugs cleared by CYP450 enzymes. As ziprasidone, unlike clozapine and olanzapine, is not metabolized by CYP1A2, cigarette smoking (a CYP1A2 inducer) is unlikely to influence ziprasidone pharmacokinetics.
14 According to the manufacturer (Pfizer) ziprasidone dosing in schizophrenia should be administered at initial oral dose of 20 mg twice a day; however, starting at 40 mg twice a day or 60 mg twice a day (this is considered the minimum effective dose) may be better tolerated in many patients, and then titrated to 80 mg twice a day in many patients. The best efficacy in schizophrenia and bipolar disorder is at doses .120 mg/day, but patients are often inadequately dosed in clinical practice. 15 Doses of 20-40 mg twice a day are not only too low for antipsychotic efficacy, but often activating and not well tolerated, perhaps due to potent 5HT2C antagonist properties. Paradoxically, such activation is often reduced by increasing the dose to 60-80 twice a day, perhaps due to increasing amounts of dopamine 2 receptor antagonism.
Even if some patients seem to respond better to doses .160 mg/day and up to 320 mg/day in two divided doses (ie, 80-160 mg twice a day) an increase to a dose greater than 80 mg twice daily is not generally recommended by the manufacturer as the safety of doses above 100 mg twice a daily have not been systematically evaluated in regulatory trials. 12 Nevertheless, doses higher than 160 mg/day are often used in hospital settings and with severe patients but doses higher than 160 mg/day are considered off label as they are not approved doses by the FDA or other regulatory agencies. 16 Rapid up-titration of ziprasidone to the optimal daily dose of 120-160 mg/day by day three of treatment is needed for optimum antipsychotic efficacy.
17
Some authors reported success with once-daily ziprasidone usually at bedtime, but only when taking consistently with food and only in individuals taking doses ,160 mg/day.
For the intramuscular formulation (IM), recommended dose is 10-20 mg given as required; doses of 10 mg may be administered every 2 hours: doses of 20 mg may be administered every 4 hours; maximum daily dose is 40 mg intramuscularly; the intramuscular form should not be administered for more than 3 consecutive days. IM formulation can reduce agitation in 15 minutes. Ziprasidone intramuscular can be given short-term, both to initiate dosing with oral ziprasidone or another oral antipsychotic and to treat breakthrough agitation in patients maintained on oral antipsychotics. 12 
clinical Trials in Acutely Ill patients Ziprasidone versus placebo
Ziprasidone was approved for schizophrenia on the basis of the results of four randomized, placebo controlled trials lasting 4 or 6 weeks in which fixed doses ranging from 40 to 200 mg daily were studied in 1060 inpatients with schizophrenia. Data supported the idea that the effect of ziprasidone is profoundly dose-dependent and pooled analysis of the four placebo-controlled comparator trials found optimal dosing to be 120 mg/day or more. At these doses ziprasidone is significantly more effective than placebo in improving the overall scores and had significantly more responders than placebo. At doses of less than 80 mg per day most trials have failed to find any consistent superiority over placebo. A study comparing ziprasidone 40 or 120 mg/day and placebo found 120 mg/day to be significantly more effective than placebo in improving the overall, depressive and anergia scores, and had significantly more responders than placebo. 18 Daniel et al compared 80 mg/day and 160 mg/day of ziprasidone with placebo finding ziprasidone at 160 mg/day reduces depressive symptoms in those schizophrenic patients with clinically significant depression at baseline (as defined by a score on the Montgomery-Asberg Depression Scale of .14).
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Ziprasidone versus SGA
To evaluate the efficacy of ziprasidone in the treatment of acute schizophrenia we have considered 4 randomized controlled trials with an SGA active comparator and two studies with conventional antipsychotic comparator (see Table 2 ). They are presented in chronological order. The first two RCTs compared ziprasidone with an SGA appeared in 2004. One was an 8-week double blind trial in 296 patients with acute exacerbations of schizophrenia or schizoaffective disorder of ziprasidone and risperidone. Equivalence was demonstrated in Positive and Negative Syndrome Scale (PANSS) total scores, Clinical Global Impression Severity (CGI-S) scores, PANSS negative subscale scores, Brief Psychiatric Rating Scale (BPRS) total and core item scores, and PANSS total and CGI-I responder rates. Both agents were well tolerated. Risperidone exhibited a significantly higher Movement Disorder Burden (MDB) score (P , 0.05) and higher incidence of prolactin elevation and clinically relevant weight gain. As the author pointed out, study dosing may have been high for some risperidonetreated patients (mean dose = 7.4 mg/day) and low for some ziprasidone-treated patients (mean dose = 114.2 mg/day). 20 In the second study patients were assigned to ziprasidone or olanzapine (n = 136 and 133, respectively) for 6 weeks; ziprasidone and olanzapine demonstrated comparable antipsychotic efficacy but this study limited the olanzapine dose to 15 mg/day which is below the upper limit of 20 mg/day in olanzapine's label. Differences favoring ziprasidone were observed in metabolic parameters. 21 The conclusions from these two studies are essentially equivalent efficacy when ziprasidone is compared with risperidone and olanzapine.
The third study of ziprasidone with an SGA appeared in (2007) and compared ziprasidone and aripiprazole over a 4-week course of treatment (n = 125 and 128 respectively), in acutely ill patients with a primary diagnosis of schizophrenia or schizoaffective disorder. Both treatments were effective in improving global illness severity and overall psychopathology. Both agents were well tolerated, with safety profiles that were consistent with prior reports. Somnolence occurred more frequently in the ziprasidone group than in the aripiprazole group (26.4% vs. 13.3%), whereas dyspepsia and nausea were more frequent in the aripiprazole than in the ziprasidone group. Differences were seen in the onset of drug action favoring ziprasidone. 22 A recent paper compares the efficacy and tolerability of ziprasidone (n = 39) and olanzapine (n = 35) in patients with recent-onset schizophrenia (8) . The results of this study indicate that ziprasidone and olanzapine have comparable efficacy, resulting in remission rates of around 40% within 8 weeks but differ in their side effect profile. However, there is a risk of a type II error because of the small number of patients in this study. 23 
Ziprasidone versus haloperidol
Despite the relatively small sample size, high dropout rate, and brief duration of the trial, one RCT comparing ziprasidone (n = 73) and haloperidol (n = 15) found that ziprasidone 160 mg/day is as effective as haloperidol 15 mg/day in improving overall psychopathology and positive symptoms in patients with an acute exacerbation of schizophrenia or schizoaffective disorder. Furthermore, ziprasidone 160 mg/day seems to have a lower potential to induce EPS than haloperidol. 24 More recently an interesting open-label randomized, 1-year clinical trial (EUFEST) comparing haloperidol versus second-generation antipsychotic drugs (ziprasidone, amisulpride, olanzapine, quetiapine) proved, as expected, that treatment discontinuation over 12 months was significantly greater in patients given a low dose of haloperidol than in those assigned to treatment with second-generation antipsychotic drugs. Furthermore the weight change from baseline was lowest with ziprasidone compared with other SGA. 17, 25 
Long Term Efficacy in Chronic schizophrenia and Maintenance studies
Once an acute episode of schizophrenia is effectively managed, the treatment goal is to prevent recurrence or relapse. Hence, long-term studies are very relevant to actual clinical practice. Individuals must be able to stay on a medication with maintained benefits and tolerable side effects in order to sustain the benefits shown in acute studies. 26 
Ziprasidone versus placebo
In one long term maintenance study chronic patients were randomized to ziprasidone or placebo. Compared with placebo the probability of relapse at one year was lower in all three ziprasidone groups. Of the patients who remained on treatment for at last 6 months, only 9% relapsed on ziprasidone compared with 42% on placebo. All the three doses of ziprasidone were significantly superior to placebo on Positive and Negative Syndrome Scale (PANSS).
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Ziprasidone versus SGA There have been several additional studies with conflicting results using active comparators. A 6-month double-blind for continuation/extension study for patients who had responded to olanzapine (n = 71) or ziprasidone (n = 57) in a previous 6-week acute comparison study continued willing patients up to 6 months. At 6 months, the mean ziprasidone dose was 135.2 mg/day and the mean olanzapine dose was 12.6 mg/day. Dose of olanzapine was lower than that commonly used in clinical practice. At 6 months, the groups did not significantly differ on efficacy outcome measures of BPRS, CGI-S, PANSS, and Calgary Depression Scale for Schizophrenia (CDSS), or on study discontinuation rates. 26 In contrast, in a similar 28 week randomized, double-blind multi center study the olanzapinetreated patients showed significantly more improvement than the ziprasidone-treated patients. 28 In another 44-week, double-blind, continuation study comparing ziprasidone and risperidone in a long term treatment of schizophrenia, both ziprasidone and risperidone were effective as continuation and maintenance treatments in patients recovering from acute exacerbations of schizophrenia or schizoaffective disorder. Risperidone had greater adverse effects on weight gain, EPS measures, and prolactin than ziprasidone. Ziprasidone may be associated with The Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE), a large, double-blind study funded by the US National Institute of Mental Health (NIMH), compared "real-world" effectiveness of antipsychotic drugs in patients with schizophrenia at 57 sites in the United States. In the first part of the CATIE study, (Phase I) the enrolled patients were randomized to flexible doses of different antipsychotics (olanzapine, quetiapine, risperidone, ziprasidone or perphenazine-notably, aripiprazole was not included). Ziprasidone was added after the study was already initiated as an additional arm, and consequently fewer individuals were randomized to receive it (n = 185; 40-160 mg/day). The principal outcome measure was the length of time patients stayed on their assigned medication until a maximum of 18 months. The discontinuation rate for ziprasidone was 79%, compared to 64% for olanzapine, 74% for risperidone, 75% for perphenazine, and 82% for quetiapine. NNT (Number Needed to Treat) for all-cause discontinuation comparing the best-performing medication (olanzapine) with ziprasidone was 7.
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In the second part of the CATIE study called the Phase II "tolerability" pathway because the patients who did not tolerate their initially assigned medication, including 444 subjects who discontinued phase I for any reason, were randomly reassigned to a double-blind treatment where they could receive a different new antipsychotic (olanzapine, quetiapine, risperidone, ziprasidone). The study's main aim was to determine if there were differences between these four treatments in effectiveness measured by discontinuation for any reasons. At the end of the study results demonstrated that patients stayed on their medication significantly longer if they were receiving olanzapine (median 6.3 months) or risperidone (7.0 months), compared with quetiapine (4.0 months) or ziprasidone (2.8 months) even though ziprasidone was associated with modest improvement in weight and lipid parameters. 31 The doses of antipsychotics used in the phase I and II CATIE studies may have affected the results because the dose ranges for quetiapine, risperidone and ziprasidone may not have been optimal. 32 Recently, in an open-label multicenter clinical trial, 293 patients were randomized to 12 weeks treatment with either ziprasidone 80-160 mg/day or with one of the comparator drugs (olanzapine, risperidone, quetiapine). Ziprasidone treatment patients showed significant improvements in the mean PANSS total score, negative symptom score and positive symptom score. Moreover, as already showed by precedent studies the authors confirm a favorable effect of ziprasidone on weight loss. 33 
Ziprasidone versus Haloperidol
One double-blind study compared ziprasidone with haloperidol in 301 stable outpatients over 28 weeks finding equivalent efficacy with modal doses. More ziprasidone treatment patients were negative symptom responders. Despite the low dose of haloperidol, ziprasidone had clear advantages in all evaluations of movement disorders. No significant laboratory or cardiovascular changes were observed. 34 Three recent reports based upon a very long term randomized comparison of ziprasidone and haloperidol showed that in a specific subgroup of patients with schizophrenia, clinically responsive, adherent, and willing to remain in treatment for extended periods of time, functional benefits are detectable and somewhat greater in patients treated with the atypical antipsychotic medication ziprasidone than with the conventional antipsychotic medication haloperidol. 35 Also, in this same 196 week double blind study, Potkin et al report that haloperidol seems to reach a plateau of efficacy after about 40 weeks and that patients who have not achieved remission by then are unilikely to do so during the next three years. In contrast, ziprasidone in this study was associated with gradual and sustained improvement in remission rate and quality of life during the three year extension treatment period. 36 These results have been confirmed by another post hoc analysis based on Potkin study: the analysis supports the efficacy of ziprasidone for sustained negative symptom remission and adequate psychosocial functioning status in the maintenance phase. 1 
Switching
It is common in clinical practice to switch from an initial antipsychotic to another due to inefficacy or poor tolerability. It is estimated that switching because of suboptimal antipsychotic efficacy or tolerability occurs in 30%-50% of patients a year in outpatient clinics. 37 Since ziprasidone arrived after many other antipsychotics were already on the market, many patients who receive ziprasidone will be switched from previous treatment. The most recent studies found that patients switched from olanzapine or risperidone (Simpson, 2008) , olanzapine, risperidone and haloperidol (Alptekin, 2009 ) and aripiprazole (Kim, 2010 ) demonstrated significant improvement in metabolic parameters and in all movement disorder assessments. An open label but randomized six-week study in patients only partially responsive to olanzapine (n = 104), risperidone (n = 58) and a conventional agent (n = 108) studied switching to ziprasidone. In each case the switch was both well tolerated and resulted in improvement on all the symptom measures. 38 These data support the use of ziprasidone (or aripiprazole) as a first switch treatment option in patients with metabolic abnormalities. 37, 39, 40 Furthermore, the study by Alptekin et al found that patients switched from haloperidol, risperidone or olanzapine to ziprasidone experienced statistically significant improvements from baseline in positive and negative symptoms, and global functioning. 41 Converting patients from one antipsychotic to another requires great care to avoid withdrawal symptoms, rebound psychosis, or aggravation of side effects. 42 Based on the literature review, the proper strategy for "switching" to any antipsychotic, let alone ziprasidone, remains undefined. In the Alptekin study the preferred switch strategy was immediate discontinuation but in a recent study by Stip (2010) the authors provide some evidence for the potential advantages of the slow taper approach in maximizing efficacy at the early part of the switch but the differences did not remain significant at endpoint. 43 Generally it is rarely a good idea to precipitously stop one antipsychotic and start the other at full dose; rather, it is frequently prudent to "cross-titrate" by reducing the dose of the first drug while building up the dose of the other over a few days to a few weeks. In particular, when switching from a sedating antipsychotic to a non sedating one such as ziprasidone, one can even consider adding a benzodiazepine first and then start the up-titration of the ziprasidone (nonsedating agent) while maintaining the full dose of the sedating agent. Once the ziprasidone is at a therapeutic dose, the benzodiazepine can be maintained and the sedating agent can be tapered. When the patient is stable the benzodiazepine can be tapered or stopped. 42 Given the frequency and importance of antipsychotic switching in patients with schizophrenia, there is a need for additional data to further elucidate the reasons for switching in an individual patient and the implementation of switching strategies that meet the individual needs and expectations of patients.
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Treatment of Resistant schizophrenia
Unfortunately a significant proportion of patients with schizophrenia experience only partial remission (30%-40%) and monotherapy with the currently available compounds proves to be insufficient to control the illness. Almost 50% of patients receive more than one simultaneous antipsychotic agent (ie, antipsychotic polypharmacy) even if guidelineoriented pharmacotherapy of schizophrenia strongly emphasizes antipsychotic monotherapy as the gold standard in schizophrenia and polypharmacy results with low levels of evidence. 44 Clozapine is considered the treatment of choice for patients with schizophrenia resistant to antipsychotic drug treatment. In the study by Kane et al (1988) , together with subsequent studies, clozapine demonstrated superior efficacy and reduced risk of extrapyramidal symptoms (EPS) compared to conventional antipsychotics in treatment-resistant schizophrenia. 45 Approximately 20% to 35% of patients with schizophrenia who receive an adequate trial fail to respond to prescribed antipsychotics, so there is a great need for agents to treat patients with schizophrenia who fail to respond to other antipsychotics, especially if the patient cannot take clozapine or refuses clozapine.
Some studies demonstrate the efficacy of ziprasidone in treatment-resistant or treatment-intolerant patients with schizophrenia. Recently, one headto-head trial comparing the combination of clozapine with risperidone (CR) versus clozapine with ziprasidone (CZ), differed with a marked prolactin increase in the CR group and a statistically significant QTc elongation in the CZ group 46, 47 Many other studies and anecdotal reports also report coadministration of ziprasidone with clozapine. In some cases, ziprasidone has been added to clozapine in attempts to reduce metabolic side effects as well as to optimize antipsychotic efficacy. Kuwilsky et al found that in treatment resistant schizophrenia the combinations of clozapine with ziprasidone or risperidone exhibit long-term efficacy, but the level of evidence is limited because sample size was small. 47 The MOZART (Monitoring Oral Ziprasidone As Rescue Therapy) trial involved antipsychotic-resistant and/or intolerant patients with schizophrenia and is a double blind randomized controlled trial that evaluated ziprasidone as an alternative to clozapine in treatment-refractory schizophrenia patients. Even if the inclusion criteria of this trial used a weak definition of treatment resistance (no serum levels, short term treatment, side effects) this trial indicates that both ziprasidone and clozapine, having comparable general safety and tolerability, may be regarded as valuable options for the short-term treatment of "difficult-to-treat" schizophrenia patients with a history of multiple resistance and/or intolerance to antipsychotics. However, at the current state of art, clozapine remains the first line treatment in treatment resistant schizophrenia.
In two comparative trials in treatment-resistant patients, ziprasidone showed comparable efficacy to chlorpromazine on positive symptoms, greater efficacy against negative symptoms and well-tolerated over 1 year. Moreover, ziprasidone was better with respect to prolactin levels and weight gain. 45, 48 
special symptoms Cognition
The importance of cognitive impairment in schizophrenia is considerable because cognitive impairments are the main determinant of functional impairment in the illness and they may be more closely linked to functional outcome than are other symptoms. 49 Ziprasidone's interaction on 5HT2C and 5HT1A receptors may contribute to potential efficacy in cognitive as well as affective symptoms in some patients. In addition, ziprasidone appears to improve cognitive function anecdotally in some chronic schizophrenic patients. [50] [51] [52] However, one of the most recent studies looked at the short term neurocognitive effects of treatment with ziprasidone versus olanzapine in a double blind randomized controlled trial and found that cognition appeared enhanced after treatment, but was not significantly different between treatment groups, either for the verbal memory measures, or for the neurocognitive composite score. Furthermore, cognitive enhancement did not correlate with clinical improvement. This was the first study to compare the effects of a short term treatment of olanzapine versus ziprasidone on cognitive functioning in recent onset schizophrenia. 53 
Negative symptoms
Negative symptoms are an important component of schizophrenia and their severity is linked closely to social and vocational disability as well as to poor long-term functional outcomes. It is not yet clear the apparent benefit of atypical antipsychotics in treating these symptoms. 1 The improvement in negative symptoms of schizophrenia with ziprasidone was equivalent to that with amisulpride in primary endpoint (assessed using mean change from baseline in PANSS negative symptom subscale scores in the evaluable population) in a 12-week multicenter European double-blind study of 123 patients randomized to flexible doses of ziprasidone 80-160 mg/ day or amisulpride 100-200 mg/day study. 54 As already described by Hirsch et al there was a significantly higher percentage of negative symptom responders (improvement in PANSS-negative symptom subscale of $20% in evaluable patients at endpoint, LOCF) in the ziprasidone group compared to the haloperidol group in another study. 34 A recent post hoc exploratory analysis of negative symptoms and psychosocial function in patients with schizophrenia confirms the superiority of ziprasidone on haloperidol in negative symptoms remission and instrumental role functioning during an extended double-blind follow-up period of up of 196 weeks. 
Depression
Bearing in mind the interactions at 5HT1A and 5HT1D receptors as well as effects on blocking reuptake of serotonin and norepinephrine transporters (especially at high doses), in schizophrenic patients with clinically relevant levels of depression, ziprasidone 160 mg/day was associated with a significant improvement at 6 weeks and in another study ziprasidone 120 mg/day was associated with a significant improvement at 4 weeks. 14 Kinon et al (2006) employed a depression scale for individuals with schizophrenia as a primary outcome measure. Authors randomized 394 patients with schizophrenia or schizoaffective disorder and moderate depressive symptoms to 24-week treatment with either ziprasidone (80, 120, or 160 mg/day) or olanzapine (10, 15, or 20 mg/day), and used the Calgary Depression Scale for Schizophrenia (CDSS) as the primary outcome measure. For up to 8 weeks, patients treated with olanzapine or ziprasidone had significant improvements on CDSS but at 24 weeks the olanzapine group was superior to the ziprasidone group on CDSS improvement.
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In contrast, Simpson et al compared the effects of ziprasidone, 80-160 mg/day, and olanzapine, 5-15 mg/day, and reported that patients in both treatment groups improved on the CDSS, with no significant difference between them at 6 weeks or at 6 months for those who qualified for the extension study.
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Intramuscular Formulation
Since ziprasidone was the first atypical antipsychotic to be approved for use in the US in both an oral and intra-muscular (IM) formulation, there are many studies that show that the IM form may be considered a possible alternative treatment as listed in Table 4 . The results of these studies are all consistent with the evidence that IM ziprasidone has less risk of extrapyramidal symptoms (EPS) compared to haloperidol and does not cause sedation, confusion or ataxia created by the use of benzodiazepine. Furthermore IM ziprasidone seems to be as effective as haloperidol in agitated patients and is associated with sustained improvement in symptoms and is well tolerated.
Transition from IM to oral ziprasidone has been well tolerated, with maintenance of symptom control. Changes in QTc interval associated with ziprasidone are comparable to those seen with haloperidol. Thus, injectable ziprasidone was found to be more efficacious at higher rather than lower doses, and to be superior to conventional short-acting medications (Table 4) .
safety
General profile
Patients with schizophrenia are approximately twice as likely to die as a result of cardiovascular disease as the rest of the population (59) (60) (61) (62) (63) . Atypical antipsychotics can lead to cardiometabolic risk, from weight gain and obesity to hypertriglyceridemia, dyslipidemia and diabetes (59) (60) (61) (62) (63) . The best practices are to monitor these parameters in anyone taking atypical antipsychotics. Since the pharmacologic properties of ziprasidone are different from the other SGAs it appears to have comparable efficacy compared to other atypical and conventional antipychotics with lower metabolic side effects. The most common reported adverse events with ziprasidone are somnolence, headache, nausea, dyspepsia, dizziness, akathisia, and extrapyramidal symptoms.
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Minor side effects such as headache and dry mouth were seen to be increased at 160 mg/day compared with 80 mg/day; serious side effects, such akathisia, agitation EPS and metabolic changes were not observed with any greater incidence.
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extrapyramidal side effects Ziprasidone, like the other second-generation antipsychotics, at therapeutic doses, does not have a high incidence of prolactin elevation nor of extrapyramidal symptoms. However, the results of a recent systematic review and meta-analysis of head to head comparisons where the primary outcome was ''use of antiparkinson medication" showed that ziprasidone needed more use of antiparkinson medication than olanzapine and quetiapine. No significant differences were found with amisulpride and clozapine (although the data on the ziprasidone-clozapine comparison were very limited). 57 On the other hand, as seen in pooled data from Pfizer's trials, ziprasidone seems to have less propensity to cause extrapyramidal side effects than haloperidol. 4 Furthermore, in the CATIE schizophrenia trial the authors compared the incidence of treatment-emergent parkinsonism, dystonia, akathisia and tardive dyskinesia associated with second-generation antipsychotics and perphenazine. Regarding ziprasidone treatments they found there were only eight cases of acute dystonia reported during the study and three were receiving ziprasidone (two discontinued). Moreover, analyses of incidence of discontinuation for parkinsonism suggested there was a lower rate of discontinuation for quetiapine and ziprasidone. 58 In this long term trial the proportion of patients with severe EPS and/or related adverse events was not significantly different between patients receiving ziprasidone and those receiving olanzapine, risperidone, quetiapine, or in phase 1 of the trial, perphenazine. 59 In general, therefore, ziprasidone has a low incidence of EPS but some patients do have EPS on ziprasidone. Low EPS incidence enhances the tolerability of ziprasidone for many patients, and this can improve compliance compared to agents that have a higher incidence of EPS. Furthermore, EPS are associated with worsened negative and cognitive symptoms, and thus preventing EPS may itself be associated with better efficacy if the patients are able to take ziprasidone long term. 
Metabolic effects
In very recent head-to-head comparisons of metabolic side effects of second-generation antipsychotics (amisulpride, aripiprazole, clozapine, olanzapine, quetiapine, risperidone, sertindole, ziprasidone, zotepine) in randomized controlled trials, weight change was chosen as the primary outcome, glucose and cholesterol changes as secondary outcomes. These studies found that ziprasidone (together with aripiprazole) was associated with lower weight gain, less elevation of glucose, and with the least effects on the lipid status).
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The first phase of CATIE trials also found that those receiving ziprasidone lost a mean of 0.1 kg/month compared with weight gain for the other SGAs. In the second phase of the same studies 42% of the patients treated with ziprasidone lost over the 7% of their body weight. 26 Therefore when ziprasidone is given to patients with obesity and dyslipidemia associated with prior treatment with another atypical antipsychotic, many experience weight loss and decrease in fasting triglycerides. 13 One of the correlates of weight gain can be changes in lipid levels and various studies of short duration and longer duration, including
Journal of Central Nervous System Disease 2011:3 CATIE phases 1 and 2a duration have documented improvement in significant reductions in nonfasting total plasma cholesterol and triglycerides in patients treated with ziprasidone. [61] [62] [63] Since the CATIE trial did not include either aripiprazole or the newly approved lurasidone, it is not possible to make comparisons of ziprasidone with other agents that may also have metabolically friendly profiles.
Patients with schizophrenia and other psychotic disorders exhibit an elevated risk for developing glucose intolerance or diabetes mellitus. [59] [60] [61] 63 Although antipsychotics as a class are all labeled as having risk for developing weight gain, dyslipidemia, glucose intolerance or diabetes mellitus, this risk seems to be lower for ziprasidone and aripiprazole and possibly for lurasidone compared to other SGAs. 61, 64 Since metabolic side effects are especially important as they have significant longterm consequences, such as cardiovascular disease (CVD) patients need to be informed about the differences in efficacy and side effects of the different SGAs.
Cardiac
The most common worry about ziprasidone is the fear of QTc prolongation because lengthening of the QTc interval is associated with arhythmias and torsade de pointes (TdP), a serious and potentially fatal cardiac dysrhythmia with the risk of sudden cardiac death. In general, patients treated with antipsychotic drugs have a longer QTc interval than do controls., Moreover, all antipsychotic drugs can prolong the QT interval and for this reason, since patients are rarely drug-free at baseline for most clinical trials, the true extent of QT prolongation from the drug under study can be easily underestimated if the baseline medication also prolongs the QT interval. 65 Ziprasidone typically lengthens the QTc interval by around 10 ms greater than other atypical antipsychotics. 41 Special studies were conducted by Pfizer Inc. who compared high dose of intramuscular ziprasidone (20 mg then 30 mg) with high dose IM haloperidol (7,5 mg then 10 mg); the effect of intramuscular ziprasidone on QTc prolongation was less than the prolongation seen with intramuscular haloperidol. Pfizer reported that ziprasidone's effect on the QTc interval did not seem very sensitive to oral dosage increase above 80 mg/day. Pfizer also reported that the number of sudden unexpected deaths in patients who had received oral ziprasidone is not significantly different from the findings with the placebo or active-drug comparator. 26 The concerns about dangerous QTc prolongation appear to be unjustified because ziprasidone does not cause dose dependent QTc prolongation, and few if any drugs have the potential to increase ziprasidone's plasma levels.
66-69
It is not still clear if monitoring routinely the ECG parameters in patients treat with antipsychotics will decrease morbidity and mortality. Ziprasidone is contraindicated in patients with a known history of QTc prolongation, recent acute myocardial infarction and uncompensated heart failure and to be avoided if the patient is taking agents capable of significantly prolonging QTc interval (pimozide, thioridazine, selected antiarrhythmics, moxifloxacine and sparfloxacine) but EKGs are generally not recommended. 12 All that said, ziprasidone seems to be a very suitable first-line antipsychotic treatment for individuals with no known history of cardiac problems related to arrhythmia or QTc interval and without the need for EKG monitoring. 49 Efficacy Both short and long-term controlled clinical trials or in switch studies involving ziprasidone demonstrated improvement in positive and negative symptoms, cognitive domains, acute mania and the affective symptoms of schizophrenia or schizoaffective disorder. Ziprasidone's efficacy in clinical trials shows consistency with its unique pharmacological features. Ziprasidone is significantly effective in reducing symptoms in patients with acute schizophrenia but it is also effective in stable patients over the long term and for maintenance treatment. 5 Interrelated improvements in cognitive and affective symptoms have been correlated with enhanced social engagement in patients switched to ziprasidone from other antipsychotic agents because of side effects or inadequate response. Furthermore intramuscular ziprasidone may be a superior choice to conventional antipsychotics as an intramuscular treatment.
Moreover, clinical trials data indicate that ziprasidone has a lower liability for EPS than haloperidol, a lower overall movement disorder burden and incidence of prolactin elevation than risperidone, significantly less weight gain, and more benign effects on lipid profile and glucose metabolism than several other SGAs. 63 
patient preference
Patients prefer antipsychotics with a low side effect burden, and sometimes value side effects over efficacy for psychosis. Most clinicians, however, prioritize efficacy for psychosis, and try to find the most efficacious agent that a patient can tolerate. This sometimes creates a lack of therapeutic alignment between patient and prescriber.
Ziprasidone is preferred by both patients and clinicians who are concerned about weight gain and dyslipidemia since this agent is probably the one with the lowest incidence of both. Ziprasidone is also preferred by patients who wish to avoid sedation as this agent is generally not sedating in many patients. However, the hassle of taking the drug twice a day plus having to take it with food is a problem for some patients, particularly those who may not have access to regular meals. Skipping a dose or taking a dose without food can result in highly variable drug levels, and thus fluctuating efficacy in some patients.
Thus, patients who are highly motivated and well organized and are higher functioning are perhaps those who prefer ziprasidone. Also, patients with current diabetes who must take an antipsychotic may prefer ziprasidone.
place in Therapy
Although ziprasidone has the same relative efficacy in most head to head studies of schizophrenic patients compared to any other antipsychotic, it is often not used as first line therapy in first episode psychosis or in recurrent psychosis. Instead, ziprasidone is often seen as a switch agent for patients who fail to tolerate other antipsychotics, especially those associated with weight gain, dyslipidemia, or sedation. The overall use of ziprasidone is lower than several other antipsychotics, perhaps because of the perception that efficacy is not as robust in clinical practice as some other agents, and perhaps because of the perception that its QTc prolongation is dangerous. In reality, ziprasidone's efficacy can be made more consistent if dosed adequately, and if taken with food, and sometimes at doses higher than those usually recommended (.160 mg/day) and perhaps only once a day with food rather than twice a day. The QTc prolongation is now generally not considered to be dangerous and the "metabolically friendly" profile of low weight gain and dyslipidemia generally more important in defining ziprasidone's safety profile. Ziprasidone has the longest term study in schizophrenia of any SGA, which suggests that for those patients who initially respond to it and tolerate it, that remission of symptoms and improvement specifically of negative symptoms may be robust over a few years of treatment, and even better than the conventional antipsychotic haloperidol.
Since there is a large economic burden of schizophrenia due to cost associated with hospitalization, life long treatment and loss of productivity, in the present economic climate, judgment as to what is better will include consideration of financial costs of this illness. 70 Many FGAs are less expensive than SGAs, although several SGAs are now generic or will soon become so, with a corresponding reduction in medication cost. For patients who do not get adequate therapeutic benefit from a typical antipsychotic or a generic atypical antipsychotic or who cannot tolerate them, it is often proper to use a more expensive SGA. According to a recent study by McIntyre et al evaluating the projected health and economic impact of second-generation antipsychotic agents used for the treatment of patients with schizophrenia in Canada, ziprasidone treatment for example possesses cost and therapeutic advantages compared with olanzapine and quetiapine.
conclusion
The ultimate goal of treatment for schizophrenia is returning an individual to a productive life, ideally including independent living, social integration and participation in work or education. A number of agents are now available, providing new treatment options and producing heightened optimism for improved clinical outcomes. Judging by its receptor profile, ziprasidone offers a spectrum of activities predictive of efficacy and tolerability. Compared with other first-line atypical antipsychotics, ziprasidone has more diverse serotonergic effects and a much lower burden of alpha 1-adrenergic, H1 and M1 antagonist activities. The clinical benefits predicted by this receptor-binding profile-good control of positive and negative symptoms, low incidence of EPS, weight gain and postural hypotension-have been observed in randomized clinical trials. 5 Since ziprasidone with all the other atypical antipsychotics drugs are not miracle drugs and often fail to provide the early and robust responses that clinicians seek when faced with patients having severe and disabling symptoms, better agents for schizophrenia are still required. 52 The main advantage of ziprasidone is its low propensity to induce weight gain and associated metabolic problems such as cholesterol increase, which has been demonstrated, compared with olanzapine, quetiapine and risperidone. 
